The kinetics of the catalytic vapor phase reduction of nitrobenzene to aniline over ferential reactor. The rate of reaction was measured at atmospheric pressure with a high mole ratio of hydrogen to nitrobenzene. From the analysis of the experimental data, it was concluded that the rate-controlling step was the adsorption process of hydrogen on the copper-magnesia catalyst surface. According to the Langmuir-Hinshelwood mechanism, the final rate equation r for the vapor phase reduction of nitrobenzene on copper-magnesia catalyst in the temperature range where k; rate constant PH, PN, PA and PW; partial pressure of hydrogen, nitrobenzene, aniline and water KN, KA and KW; adsorption equilibrium constant of nitrobenzene, aniline and water This equation will be useful if it can be used to predict the rate over a wide range of reactions and hence, be suitable for reactor design. (1N) in the ratio of 12:0.6 by volume, with stirring and at room temperature until a pH of 9.55 was reached.
Introduction
Aniline, which is a very important intermediate in fine chemistry, has been produced on a commercial scale primarily by the batch process for reducing nitrobenzene with iron.
In recent years, the vapor phase reduction of nitrobenzene over several metal supported catalysts, such as copper or nickel on a suitable carrier, has been widely studied using a fixed bed reactor. However, few reports on the kinetics of the catalytic reaction of nitrobenzene have been found.
In this study, the catalytic vapor phase hydrogenation was investigated. Many kinds of catalysts were tested and copper magnesia was found to be the best. Therefore, the kinetic study was done over this catalyst using a normal, flow type fixed bed reactor to obtain a rate equation which is suitable for reactor design.
Experimental

Catalyst Preparation
Sodium hydroxide solution (1N) was added to the mixture containing magnesium nitrate solution (1N) and copper nitrate solution (1N) in the ratio of 12:0.6 by volume, with stirring and at room temperature until a pH of 9.55 was reached.
The precipitate was filtered and washed until the blue color of diphenylamine solution, which was used to check the nitrate anion, was gone. The wet cake, after complete washing, was dried an atmosphere of nitrogen.
The catalyst obtained by this procedure was analyzed by the usual iodine method. The copper content in the catalyst was 3.6 wt%.
Apparatus
The flow sheet for the experimental apparatus used is shown in Fig. 1 
Analysis
The condensates collected during the desired reaction period were analyzed by gas chromatography. The conditions for this chromatographic analysis were as follows, silicon DC 550 on celite 545 in teflon pipe (2m); temperature flow rate, 60ml/min. In all experiments using the copper-magnesia catalyst, the condensed reaction products contained only aniline, water and unreacted nitrobenzene. No by-products such as hydroxylamine or azoxybenzene could be detected. Fig. 4 proved that the catalyst particle size had no effect, and that the effect of pore diffusion was negligible.
The Analysis of the Reaction Rate
The initial rate data obtained are shown in Table 1 . The chemical process, except mass transfer, in a fluid-solid catalytic system can be divided into the following three steps.
1. Adsorption of hydrogen or nitrobenzene on the catalyst surface.
2. A surface reaction between hydrogen and nitrobenzene on the catalyst surface.
3. Desorption of reaction products from the catalyst surface to the fluid.
All the mechanisms whose rate-controlling step were assumed to be step 2 or 3 were checked by comparing the initial rate data. But no rate equations could be correlated. Hence, the remaining step 1 was examined. This step may have two reaction mechanisms, i. e. adsorption of hydrogen and adsorption of nitrobenzene, on the same active sites, and the rate controlling step is either the adsorption of hydrogen (a), or the adsorption of nitrobenzene (b).
According to the Langmuir-Hinshelwood mechanism, the initial rate equation of reaction mechanism (a) is given as the following one;
In the same manner, the equation of mechanism (b) is; where As shown in Fig. 5 , the results of case (2) was negative. Finally, the results of the case (1) showed that the experimental data can be well The general rate equation containing a reverse reaction term and the adsorption term of reaction products is presented as the following one.
(g-mol/g-cat.hr) PA and Pw; partial pressure of aniline and water (atm) KA and Kw; adsorption equilibrium constant of aniline and water (atm-1) K; chemical equilibrium of reaction (atm-1) The values of K calculated from the termodynamic constants are much greater than unity. In addition, PA and PW are less than unity, because the rate equation is initial. Therefore, Eq. (4) can be reduced to Eq. (2) written before. To check Eq. (2) by the experimental data, Eq.
(2) is transformed to the following equation.
As shown in Fig. 6 , a linear relationship was obtained between PH/r0 and PN. From the reciprocal of the intercept, the value of K can be obtained directly and the value of the slope divided by K gives KN. The calculated values of K and KN are shown in Table 2 . Of course, the adsorption equilibrium constants KN are possitive and decrease as the temperature becomes high. Fig. 7 gives the activation energy of 5.4 kcal/ mol and the heat of adsorption of nitrobenzene Fig. 6 Verification of Langmuir Equation Eq. (6) can be transformed into Eq. (7).
In the same manner, the modified rate equation with the partial pressures of aniline and water can be written as follows; partial pressure or with both aniline and water partial pressure. As shown in Fig. 8 and Fig. 9 , the adsorption equilibrium constants of aniline and water, KA and KW can be calculated. indicates that the heats of adsorption of aniline and water were 12.0 kcal-mol, and 15.5 kcal/mol respectively. As a final result, the rate equation for the vapor phase reduction of nitrobenzene on copper-magnesia catalyst was determined to be as follows;
The average deviation of the proposed rate equation from the experimental data is about where a is the mole ratio of hydrogen to nitrobenzene. Up to a conversion of about sixty percent, the correlation of Eq. (12) with the experimental data was well verified as shown in Fig. 10 .
The rate equation obtained here will be useful to predict the conversion for reactor design.
